Current healthcare delivery challenges are multi-faceted, requiring multiple perspectives to be addressed using a systems approach. However, a significant amount of healthcare systems design research work is carried out within single disciplines or at best a few disciplines working together. There appears to be little deliberate attempt to draw together a wide range of disciplines committed to working together to overcome differences and tackle some of the complex challenges in healthcare delivery. In this paper, we report on the initial outcomes of such an international initiative that, in the form of a workshop held at the University of Cambridge, brought together researchers and practitioners from a wide range of disciplines to explore the foundations of a community for Healthcare Systems Design Research and Practice.
INTRODUCTION
Healthcare is, arguably, one of the most fundamental human needs (Adhanom, 2017) . The need for improvements in healthcare delivery is not new. For centuries, better interventions, better medications and better diagnostics have been the answer to the quest for improvement in healthcare (Bhatt, 2010) . Improvements in these aspects of healthcare, together with rapid advances in technology have, indeed, brought about significant transformation in how care is organised and delivered. Over the past two decades, however, there has been a growing recognition that improvements in such elements as interventions, medications, and diagnostics, are not enough to ensure that patients receive care that is consistently safe and of good quality. A considerable number of high profile publications have suggested that a systems approach to healthcare delivery is needed (Kohn et al., 2000 , Institute of Medicine, 2001 , World Health Organization, 2000 , National Academy of Engineering and Institute of Medicine, 2005 , Clarkson et al., 2017 . In most cases, the calls for a systems approach to healthcare improvement appear to be driven by a common themethe failure of existing systems (Ham et al., 2016) . From examples in engineering (Honour, 2014 , Beasley, 2017 , it may be argued that significant gains in quality of care, reduction of cost and improvements in efficiency are possible in healthcare if a systems approach is well understood and effectively applied to current healthcare challenges. A systems approach in this context is intended in a broad sensefrom a systems approach to smart technology and value-effective healthcare solutions (Patou and Maier, 2017) to a systems approach to health and care design and continuous improvement (Clarkson et al., 2017) . A systems design approach to healthcare improvement is conceptually appealing and the success stories in engineering makes it attractive to healthcare practitioners. However, there is uncertainty about how to realise this approach in practice within the healthcare domain. There is also the question of how such an approach relates to the dominant methodologies in quality improvement, clinical research and evaluation currently in existence in healthcare. Furthermore, there is considerable diversity between researchers and practitioners who employ a systems design approach within different disciplines with interest in healthcare. We argue that these challenges can be addressed most effectively if the disciplines with an interest in applying a systems design approach to healthcare systems design and delivery work together. This will involve clarifying what a systems design approach essentially entails and developing the tools to support healthcare practitioners to put it into practice. This need to work together was the motivation for the multi-disciplinary meeting on healthcare systems design research we report in this paper. We organised a workshop that brought together people from the design research community, as well as several other disciplines interested in improving health and healthcare delivery through better systems design and management. The objective was to explore different perspectives on healthcare systems design from various streams of systems design research. In the paper, we present a summary of the outcomes of this first international meeting on healthcare systems design research co-organised by the Engineering Design Centre, The Healthcare Improvement Studies Institute (THIS Institute), University of Cambridge, and Engineering Systems, Technical University of Denmark. The meeting was held at the University of Cambridge in November 2018. We explored the foundations of a community of diverse researchers and practitioners aiming to work together to tackle some of the most pressing healthcare challenges in the world. We identify some key themes that need addressing if healthcare systems design research is to make deeper impact on health and healthcare delivery. We briefly reflect on the implications of the outcomes for the design community as a discipline that has the potential to make significant contributions to this endeavour.
METHODS
On 29 and 30 November 2018, we held a one-and-a-half day workshop at the Engineering Design Centre at the University of Cambridge (Cambridge, UK) with the following objectives: 1. To identify the unique contributions that systems design research can make in achieving sustainable improvements in health and care delivery systems internationally. 2. To lay the foundations for a community of research and practice dedicated to healthcare systems design across disciplinary boundaries.
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The meeting was planned for a small group of 20 to 30 participants, by invitation only. We targeted European academics for practical reasons, given the short duration of the workshop. To identify potential attendees, we took a very broad Simonian vision of design:
"Everyone designs who devises courses of action aimed at changing existing situations into preferred ones. The intellectual activity that produces material artefacts is no different fundamentally from the one that prescribes remedies for a sick patient or the one that devises a new sales plan for a company or a social welfare policy for a state." (Simon, 1996) Therefore, some invitees were Design Society members identified through presentations of healthcare related work at the DESIGN 2018 conference in Dubrovnik, but we also approached people whom we thought could bring interesting perspectives even if they did not self-identify as design researchers, e.g. operational researchers or human factors researchers. Some participants were involved in a previous cross-discipline collaboration between the Design Society and the Operational Research Society. Others were personal contacts of some of the initial invitees. This paper reports preliminary analysis of the outputs of the workshop. Data were collected in different ways: collecting participants' outputs during the workshop (post-it notes, paperboards, pictures of whiteboards), note taking by the organisers, and debriefing by the organisers after the event.
The sessions included an introduction, research perspectives and state of the art on the first day. The second day involved exploration of our potential for impact through a SWOT (Strengths, Weaknesses, Opportunities and Threats) analysis, and finally discussions on next steps.
RESULTS
The meeting was designed to involve various activities with specific outputs that can be analysed qualitatively. The results presented in this section, however, are based on an initial summary of the outputs and not a full analysis. Five important outcomes of the meeting are presented in the following subsections.
Participants and research themes
In total, 34 participants from a wide range of disciplinary backgrounds including clinicians, engineers, Human Factors and Ergonomics specialists, Operational Researchers, Healthcare Improvement Researchers and a Psychologist. Participants came from eight different countries, all in Europe and one from Canada. Most of the participants were academics with university affiliations (including clinicians). 
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As part of the introduction session, participants were asked to respond to the question "what are the three or five key questions that define your current research or interest?" Participants wrote on large A5 size post it notes which were collected afterwards. This exercise resulted in more than 100 questions. It was interesting to find that despite the considerable diversity in the room, there was a strong convergence in our common goal as revealed by the word picture shown in figure 1 above.
Working together -lessons learnt
Most of the activities during the meeting took place around six tables each with a group of five or six participants. Groups were pre-defined in order to distribute disciplinary backgrounds and participants from various countries as evenly as possible. This also meant that most participants were working outside their comfort zoneswith people they do not know, who may have backgrounds very different from theirs. Based on the same principles, the groups were reshuffled for the activities on the second day. The first day included a two-hour session where small groups worked on fictitious case studies of challenges in healthcare delivery, organised around a set of personas. One set was on the challenges of an ageing population and its impact on primary and secondary care, the other related to hospital outpatient care. Groups were asked to work together to devise a research proposal to address these challenges. As organisers of this meeting, a general reflection on the experience and the outputs lead us to three lessons about working together in this way: 1. It will be necessary to work together but it will be difficult -One thing that was sufficiently clear to all of us by the end was that our diversity is both a strength and a weakness. The activities on day one were focused on two patient personaeone of an old person with complex health needs and the second of a cancer patient accessing an outpatient chemotherapy unit. These cases were selected to help us appreciate some of the limitations of working within individual disciplines. The potential for impact is likely to be much higher if we were able to unify our disciplines. From the experiences around the tables, there was a general sense that working together was difficult in some cases. 2. The difficulties in working together are sometimes due to perceived differences -During a discussion session after one of the activities, one table reflected on the experience working together to develop a research project to address the needs of an old person with complex health issues. The substance of the reflection was that, though there were strong disagreements at the start on how to go about the task, at least some members realised at the end that, once they began to understand each other better, they actually had more in common than initially perceived. 3. Language is important, but the goal is to understand one another -Part of the challenges about working together may be attributed to the fact that each discipline spoke a different "language". In the situation, it may seem as though we need to speak each other's language.
But as demonstrated on one of the tables mentioned above, being willing to engage and persevering leads to a mutual understanding without needing to speak another "language" -we need to be able to simultaneously translate rather that define a common language. This would lead to richer conversations with enhanced understanding of each other's views.
State-of-the-art
The organisers gave a 30-minute presentation around the impact of systems design research on healthcare. The talk started with an overview of systems approaches in practice in healthcare. We gave a brief overview of the many initiatives from policy-makers to support systems thinking in healthcare in the past 20 years, both through reports and statements, e. 
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The talk then looked at the situation in research. We showed that the number of publications around systems methods in healthcare seems to increase almost exponentially. However, very few describe implementations of techniques and interventions in routine operations, and it is therefore difficult to evaluate the impact of these interventions. This has been explored in the operational research community, e.g. Vissers, 2011, van Lent et al., 2012) . Finally, we presented the results of a recent systematic review (in preparation for publication) which explored the effectiveness of a systems approaches in improving healthcare delivery. The review identified 21 papers, most of which were uncontrolled before-and-after studies. Preliminary results of a meta-analysis involving seven eligible studies support the idea that a systems approach has a positive impact on healthcare delivery. However, the review posed a number of questions on how to define a systems approach and how to evaluate its impact. The adequacy of the meta-analytic approach for measuring the impact of systems approaches was also challenged. This last part of the presentation triggered an animated debate. First, it was argued that the definition of systems approaches requires great care, because many communities claim the word "systems", but "systems approaches" cannot be reduced to, for instance, systems engineering. The second theme in the discussion was the notion of impact and its measurement. The discussion first tackled the type of outcomes to assess. Some participants argued that the best way to assess the impact of systems approaches is by looking at learning among project stakeholders. This could be done, for instance, by assessing if some information that was implicit in the group was made explicit in the intervention. However, others argued that learning should ultimately result in improved outcomes, which should be measured as well. Another approach could be to look at what "appears" after a systems intervention: if something is new in the group, then it is reasonable to explore if it was triggered by the intervention. It was also proposed that we should not focus on a limited set of outcomes, but instead try to take a systemic perspective when defining our outcomes. A broader range of outcomes should be defined for each project, some of which could be removed from patient outcomes. After discussing outcomes, some participants noted that study designs are also a crucial issue. New designs are emerging, like adaptive controlled trials, which could be better suited to our evolving interventions than traditional methods. Mixed-methods, combining qualitative and quantitative evaluation, were also attractive. It was also noted that although the "pharmaceutical" model of evaluation is dominant in healthcare, other groups doing research in this area are developing different approaches to evaluating interventions aimed at improving healthcare. In general, participants where very critical of meta-analysis as a way to evaluate systems approaches, some suggesting that it would be applying reductionist principles to systemic thinking. However, it could also sit within a bigger evaluation framework and contribute as one element of a richer, multi-method approach. On another level, the group challenged the idea that there would be a one-best-way to evaluate systems approaches. It was argued that we have very different audiences in different countries and communities, some of which do not expect the type of evidence present in evidence-based medicine.
There was a sense of agreement that as a community, there is a lot more work to be done on how we define and evidence the effectiveness of a systems approach to healthcare.
SWOT analysis on making an impact
The second day started with a SWOT analysis of how the people present in the room could work as a community to improve healthcare systems. The focus was on practical impact rather than traditional academic output. Table 1 shows a synthesis of the results. Similar answers were grouped under overarching themes. Diversity was a much-discussed theme, appearing twelve times as a weakness. As a strength, diversity allows the community to approach a problem for different angles, using different methods and ways of communicating. However, it also means that we come from different disciplinary backgrounds and we do not always understand each other and work with different metrics and objectives in mind. We also come from different countries, each with its own specific healthcare system. 
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Challenges in healthcare systems
We spent considerable time exploring some of the important healthcare issues in the various countries from participants' perspectives. This was first discussed in smaller groups of three or four before a plenary discussion involving all participants. The groups were given the question "What are the 3 or 5 healthcare systems needs in your country and what can we as a group do about them? Think about clinical, organisational, economic, technological, social, public health … challenges." The results of the smaller group discussions revealed several major challenges. A full analysis of these here will not be possible due to space limitations, the most common were the challenges of older persons with complex needs, difficulties with research funding, technical and ethical issues with technology, staff workload, and the growing interest in moving care out of hospitals into the community. The plenary discussion picked up on the issue of staff workload which turned out to be recognised in most of the countries represented. The discussion that ensued revealed the complexity of the issue, identifying it as not being unique to healthcare but a problem for society as a whole. This point reflected a broader question on the definition of "healthcare systems": where do they stop? Are we only looking at patients and health services, or at a much broader system? Despite these questions, it was felt that Healthcare Systems Design Research as a community may be able to contribute to the solution through the deployment of various modelling techniques to provide insight into the long-term effects of the problem within healthcare. This area shows the need for multiple disciplines from organisational science, psychology, design and systems.
DISCUSSION
Researchers within the engineering design community have in recent years began to highlight the opportunities that exist for design and systems engineering to engage with healthcare delivery research and practice (Patou and Maier, 2017 , Lamé, 2018 , Komashie et al., 2017 . The event reported here is in one sense a culmination of these efforts. The involvement of several other disciplines provides useful insight in several ways.
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Impact
The question of generating and measuring impact was pervasive through the workshop. Systems approaches do not fit well in the classic "pharmaceutical" model of evaluation. However, we do not have a formalised alternative at this stage. We are not alone in struggling to deal with the recurring question -"what's the evidence?" Operational researchers have recently expressed similar challenges (Brailsford and Klein, 2015) . The issue is here, and we cannot escape it. One way to tackle this issue could be to review and better apprehend possible approaches to evaluation and definitions of what counts as evidence in various fields of healthcare. Indeed, behind the apparent dominance of randomised clinical trials meta-analyses and the so-called "hierarchy of evidence", the debate on what counts as evidence and how it needs to be generated is sometimes heated (Zuiderent-Jerak et al., 2012 , Greenhalgh et al., 2014 . A diversity of approaches exist to evaluate impact in healthcare (Petticrew et al., 2013) , and getting a better understanding of these approaches would help us in defining which ones are suitable for evaluating systems design methods and interventions. Evaluation scientists have long since recognised the need for a variety of approaches, beyond quantitative, experimental studies (Patton, 2018) . We could collaborate with and learn from them to build our own approach to evaluation. A second argument that was made during the workshop is that we work with different stakeholders, who expect different types of evidence. Brailsford and Klein (2015) distinguish between historicist, empiricist and rationalist evidence. Walshe (2009) discusses experiential, empirical and theoretical evidence. A finer understanding of which stakeholders expect what type of evidence would help us to better align our work with these expectations, or to engage in an informed dialogue if we think that these demands cannot apply to systems approaches in the same way that they apply to clinical interventions.
Diversity
The discussions showed a broader range of perspectives than the organisers had anticipated. Diversity manifested itself in different ways:
Coming from different disciplinary backgrounds and research traditions means we have different research objects and objectives, e.g. with some people focusing primarily on existing processes and organisations when others took a technological angle. The workshop also illustrated variations in language and definitions. Words like "modelling" or "system design" sometimes triggered intense conceptual debates, until people realised that they were talking about similar practices. This shows that preconceptions exist between groups and could be a barrier to collaborations if we do not tackle them and remain entrenched in paradigmatic debates. This situation creates issues. First, it is difficult to create an overview of our current situation as a community, if we do not call the same things by the same name. Second, preconceptions and different expectations can hinder collaborations. However, should we manage to integrate our contributions, it seems clear that we would be stronger and be better able to support patients and caregivers. Indeed, when working in groups of five or six on case study vignettes, some groups concluded that although individually none of them could tackle the entire issue, they were confident that by putting together the strengths of the people around the table they would be able to solve the problem. Combining problem solving tools and methods, theories, and research methodologies could allow us to be ambitious in tackling complex problems through innovative approaches. Previous studies on interdisciplinary research in healthcare suggest that these issues are best tackled at an interpersonal level in research projects (Nair et al., 2008) . However, these results on specific projects do not say much on what happens at the higher level of a research community. One interesting example that we could build upon is that of sustainability science, which has established a space of its own. Sustainability science brings a different perspective to the specific issue of practical and social interest, sustainability (Kastenhofer et al., 2011 , Popa et al., 2015 . There are clear similarities with our situation. Our common interest in addressing crucial practical, social and political issues in healthcare systems and health more generally brings us together, but we come from different research perspectives. We could try to learn from sustainability science and see how collaborations emerge in ICED19 this field and how a common identity was forged. This is not something we are unfamiliar with, as design research itself is a diverse field (McMahon, 2012) . In practice, a first step towards better collaboration and a common identity could be through gathering case studies and project stories, to understand better what we all do, what are the similarities, and where are the complementarities. Getting down to the level of research practices would help overcome language issues and preconceptions and set a common basis on what we do as healthcare systems design researchers.
Defining "healthcare" and "healthcare systems"
Coming from different research traditions and each with our own personal interests, participants all had a definition, albeit implicit, of what was "in" the research topic of healthcare and healthcare systems. During plenary discussions, questions arose very quickly, for instance:
Is "healthcare" only about sick people and their caregivers? Are we focusing on patients, or on the healthcare delivery system? In other words, are we patientcentred or services-centred? Are we looking at "healthcare" or "health"? We noted that even apparently bounded problems of organising hospital care can easily be 'complexified' by extending the scope to explore the impact of diseases and care processes on patients' families and social life. A discussion on the occupational health of caregivers also suggested that many issues in healthcare systems are present in other areas of society, e.g. the performance focus of 'new public management'. It is not clear at this stage whether we need to clarify the definition of this research object. Here again, sharing case studies and project stories would help mapping what we currently do as a community.
Opportunities for the design research community
Engineering design has a particularly disciplined approach to problem solving. The community has excelled in not only the design and delivery of products, but also systems. Although the wicked problems common in healthcare systems may not be the same as in engineering, we will argue that there is a lot that engineering design can contribute. In any case, the learning from this first Healthcare Systems Design Research meeting reported in this paper shows that part of the key to effectively responding to the healthcare delivery challenges of our time is being able to work together from a diverse range of disciplines. There is no reason engineering design should be missing from this. By presenting this paper, we also hope to stimulate further discussion within the design community as to how we engage with healthcare systems design, and as an opportunity to raise the profile of healthcare improvement research within our own community. As a multi-disciplinary community of healthcare systems design researchers and practitioners from across Europe, we can also imagine the opportunity to do joint projects and publications and facilitate the movement of people -PhD students, visiting academics and collaborating practitionersbetween institutions. If well executed, this could be a positive outcome of the healthcare systems of many countries in Europe.
Limitations
Two limitations of this report are worth noting. First, the event was limited to academics, researchers and practitioners from Europe. Though there was one participant from Canada, it must be noted that the geographical focus being Europe may influence what we report. Secondly, participation in the event was by invitation only. We first went through the proceedings of the DESIGN 2018 conference and invited anyone who presented anything that was healthcare related. The authors then used existing contacts from previous attempts to build a collaboration between the Design Society and the Operational Research (OR) Society. A few invitees also invited colleagues to whom they felt the event might be of interest.
CONCLUSIONS AND NEXT STEPS
This workshop showed that there is considerable interest from researchers and practitioners from a wide range of disciplines in several countries across Europe, to look at ways to use systems design approaches to improve healthcare delivery. This is in line with a strong demand and growing need ICED19 from healthcare practitioners and policy-makers, confronted with major challenges that require systemic thinking and a combination of process, organisational and technological design. There is a common commitment from all the disciplines involved to design and improve healthcare delivery systems. However, there is significant diversity of perspectives on how a systems design approach is realised in practice. There is currently a lack of clarity on the state-of-the-art on these approaches, and it is hard to evidence impact. The identification of diversity both as a strength and as a weakness was felt in a real way during the one and a half days of interactions. These factors made the idea of the foundations of a community of Healthcare Systems Design Research that spans several disciplines appealing to participants and there was a strong sense of needing to work together. The Design Society has a role to play in this movement. Today, healthcare represents a very small part of all the research presented at Design Society conferences. This paper suggests that there is a potential contribution the design discipline can make to improve and transform healthcare using systems design, and for the Design Society to support and enable this. Several options were identified for next steps. The most important to participants were the need to develop better understanding of the various disciplines and their healthcare systems research directions, work towards tangible academic outputs and explore opportunities for cross-disciplinary and cross-country research collaborations. These are part of the objectives of the follow-up meeting planned for the 29 th and 30 th of April 2019 at Denmark Technical University, Copenhagen. Further work will also involve the development of a rigorous approach to analysing the outputs from subsequent events in order to provide more generalizable insights from the outputs that emerge.
